INTRODUCTION
Phenol is a toxic organic compound that harmful for human, mammals and disturbs aquatic environment especially higher freshwater organisms as a result of improper treatment by a variety of industrial waste [1] and listed as priority pollutant by EPA [2] .
Phenols are used in resin synthesis, oil and petrochemical, pharmaceutical, and leather processing industries [3] . Phenol-contained wastewater improper treatment from those industries before its release to environment could heavily contaminated soil, water and groundwater [4] . Therefore, the development of proper industrial wastewater treatment to remove phenol compound is important.
There are several methods to degrade phenol from wastewater such as adsorption, extraction, electrodialysis, and ozonation which are grouped as physicochemical methods [3] and the biodegradation method used microorganism including bacteria, yeast, fungi, and algae to degrade hazard chemicals and detoxify wastewater [5] . Biodegradation method is suiter for large volumes wastewater treatment because it is costly effective [6] .
The aerobic degradation of phenol pathways consists of three steps; in the first step, one hydroxyl group is inserted into phenol aromatic ring to form dihydroxy aromatic compounds which are called catechols catalyzed by mono or dioxygenase. The next step of aromatics ring cleavage of catechol is catalyzed by catechol 2,3-dioxygenase and/or catechol 1,2-dioxygenase [6] . Homotetramer catechol 2,3-dioxygenase has been identified in many Gram-negative bacteria such as Acinetobacter, Burkholderia, Pseudomonas, Sphingomonas, and in Grampositive bacteria like Nocardia, Rhodococcus and Bacillus strains [7] .
Bacillus cereus was known as phenol degrading bacteria which metabolize through meta-pathway, which is control by two enzymes. Phenol hydroxylase convert phenol into catechol, which is then transformed into 2-hydroxymuconic semialdehyde (2-HMS) by meta-ring cleavage activity of catechol 2-3-dioxygenase [8] . Bacillus cereus was able to degrade phenol concentration as high as 2000 mg/L [9] . Catechol 2,3-dioxygenase of Bacillus cereus shows highest activity of 100% degradation at pH 8.0 [7] . Bacillus cereus could grow in medium contain phenol with initial concentration of 500 mg/L and can degrade phenol by more than 98% for 60 hours of incubation [10] .
Bacillus cereus IrC2 were isolated from mire in an industrial wastewater treatment plant in Rungkut, East Java, Indonesia. The purpose of this study was to determine the ability for phenol reducing of Bacillus cereus IrC2 and identified the corresponding gene that responsible.
EXPERIMENTAL SECTION

Materials
Phenol 1.0 g was dissolved in 100 mL distilled sterile water as stock solution. The composition of mineral medium (in g/L distilled water): (NH4)2SO4 0.6 g, K2HPO4 2.0 g, KH2PO4 1.5 g, NaCl 0.6 g, MgSO4 0.1 g, and CaCl2 0,05 g. Liquid and solid media of Miller's Broth (LB) 1% were used as enrichment media. The colorimetric reagents were prepared: K3Fe(CN)6 6.0 g was dissolved in 100 mL distilled sterile water; 4-aminoantipyrine 2.0 g was dissolved in 100 mL distilled sterile water. Ammonia buffer prepared by added 1.69 g NH4Cl into 14.3 mL NH3 and diluted for 100 mL solution. Geneaid™ DNA Isolation Kit was used for bacterial DNA isolation.
Methods
Enrichment and isolation of phenoldegrading bacteria.
Bacillus cereus IrC2 were isolated from mire of an industrial wastewater treatment plant in Rungkut -East Java, Indonesia. The bacterial strain was purified based on the methods conducted by Irawati [11] and it was grown aerobically in liquid medium of Miller's LB Broth 1% added with phenol for final concentration 1000 mg/L. These media were used as enrichment media. The medium was solidified with 20% of agar. Flasks were incubated at 37 o C with shaking at 150 rpm.
Removal of phenol
Phenol removal experiments were performed in 100 mL liquid mineral medium containing various phenol concentrations (100 mg/L -500 mg/L) in 250 mL flasks. Starter culture was grown in 1% LB liquid medium for 24 hours at 37 °C with constant shaking at 150 rpm. Each single bacterial culture prepared by added 50μL of inoculum from starter culture. The flasks were then incubated at 37 o C with constant shaking 150 rpm. Samples were taken at 24 hours and 48 hours to analyze the phenol degradation. To determine the quantity of phenol present in the liquid medium, the colorimetric assay was conducted. Phenol reacts with solution of 4-aminoantipyrin 2% catalyzed by K3Fe(CN)6 to form a indophenol compound under alkaline conditions. The absorbance of this dye was measured at wavelength of 460 nm in UV-Vis spectrophotometer [6] . The percentage of phenol degradation was determined by using equation Control medium was minimal medium with phenol without bacterial inoculation which followed the same treatment with sample culture medium.
The Gas Chromatography -Mass Spectrometer (GC-MS) analysis was conducted to support the colorimetric assay results. The incubated sample culture and control medium was filtered with syringe filter PVDF hydrophilic 0.45 μm. The filtrates were extracted with twice the volume of chloroform. The dried chloroform extracts were subject to GC-MS analysis.
DNA extraction
Bacterial culture after 24 hours incubation was sampled for Gram-staining. Based on Gramstaining result, the culture was treated for DNA isolation used Geneaid™ DNA isolation kit and methods. The isolated DNA was checked in DNA agarose electrophoresis.
PCR condition and sequencing to confirm gene identity
The The 16S rRNA gene of the pure bacterial culture was amplified using forward primers 9F (5'-GAGTTTGATYCTGGCTCAG-3') and reverse primer 1541R (5'-AAGGAGGTGWTCCARCC-3') with bacterial genomic DNA as template. The PCR results were checked in DNA agarose electrophoresis. The 16S rRNA gene was sequenced and analyzed using BLAST software.
Cloning and sequencing of catechol-2,3-dioxygenase gene
Catechol-2,3-dioxygenase gene was amplified with forward primer (catE-f) 5'-ATGAGTTTTCAACTTCATCC-3'and reverse primer (catE-r) 5'-TTAGGCTTCTCCTTTTATTTTGA-3.
The PCR results was checked with DNA agarose electrophoresis and was prepared for cloning. The pTA2 plasmid was used as vector. The cloned vector (pTA2-catE) was transformed into E.coli DH5α using heat shocked methods [12] . Transformed cells were grown in selective LB medium containing X-gal, IPTG (Isopropyl β-D-1-thiogalactopyranoside) and ampicillin. Succeed colonies (white) was selected and grown in liquid LB 1% containing ampicillin. The 24 hours culture was collected for plasmid isolation, and gene sequencing. Determination of nucleotides sequence was performed by dye terminator dideoxy Sanger methods. The primer for DNA sequencing was T3 and T7 promoter sequence.
RESULT AND DISCUSSION
DNA genomic extraction and 16S rRNA sequencing analysis
To prove the identity of bacteria, it needed to identify nucleotides sequence of 16S rRNA gene. The bacterial genomic DNA was isolated using a DNA isolation kit. The result was indicated by the presence of a thin band in the gel from agarose electrophoresis (Fig. 1a) . PCR result was subjected to Sanger sequencing at First Base company. This sequence of nucleotides will then be analyzed for the similarity of nucleotide sequences with the identified 16S rRNA gene GenBank data from various bacteria. The results show that these bacteria nucleotide sequences (95%) have closest similarity with Bacillus cereus strain DFT-5 on NCBI data using the Blastn program. The nucleotides sequence of 16S rRNA of Bacillus cereus IrC2 has been submitted into GenBank with accession number MK511840.
Phenol degradation ability by Bacillus cereus IrC2.
Bacillus cereus IrC2 was grown in a minimal medium containing mineral salts and phenol as the main carbon source. The phenol concentration was also varied, from 100 mg/L -500 mg/L to see the ability of bacteria to grow. Bacterial cultures are incubated for 24 hours. After 24 hours of optical density (OD) bacterial cultures were measured at a wavelength of 600 nm. The results are shown in the Fig. 2 . Based on OD600 data it can be concluded that this bacterium can grow optimally at 300 mg/L phenol concentration and 400 mg/L concentration for 24-and 48-hours incubation respectively.
The percentage of phenol degradation by
Bacillus cereus IrC2 in MM was calculated using spectrophotometric methods. The result is shown in Fig. 3 .
Fig. 3. Percentage (%) of phenol degradation by
Bacillus cereus IrC2 incubated in minimal medium.
Bacillus cereus IrC2 can degrade phenol in medium up to 95% for medium with 100 mg/L -300 mg/L phenol after 24 hours incubation and up to 96% for 400 mg/L phenol after 48 hours incubation. The control medium shown less than 1% degradation of phenol.
The GC-MS analysis of control and culture medium is shown in Fig. 4 . The phenol concentration in control medium is still high (Fig. 4.a) , but the phenol concentration in medium inoculated with Bacillus cereus IrC2 shows no peak of phenol (Fig. 4.b) . It means that the phenol concentration in culture medium is so low. GC-MS analysis is a good technique to identified certain chemical based on the mass spectrum of chemicals (Fig. 4.c) and their retention times.
PCR amplification and cloning of catechol 2,3-dioxygenase gene from Bacillus cereus IrC2
To determine the catechol 2,3-dioxygenase gene was present in genomic DNA of Bacillus cereus IrC2, the PCR amplification were performed using catE-f and catE-r primers designed base on the several catechol 2,3-dioxygenase gene nucleotides sequences of another stain of Bacillus cereus that has been published in GenBank [13] [14] . This PCR product was subject to cloning. The PCR results was ligated with pTA2 vectors. The ends of the catE DNA fragment of PCR always have an adenine (A) base so that it will complement with the tip of the pTA2 vector, thymine (T). At the reaction temperature of 4 o C, at first stage is hydrogen bond formed between the adenine base of catE DNA fragment and the thymine base in the pAT2 vector, then T4 DNA ligase catalyzes the formation of covalent phosphodiester bonds, resulting in a recombinant circle plasmid which called pAT2-catE.
Recombinant pAT2-catE plasmids were transformed into E. coli DH5α cells using heat shock method. The result of transformation was then grown in selective medium. The transformation colonies are shown in Fig. 6 . They show a single band of DNA at ± 850 bp which is consistent to the size of target catE gene.
Sequencing of catechol 2,3-dioxygenase gene (catE) from Bacillus cereus IrC2
Recombinant pAT2-catE plasmids from colony 8 was subject to Sanger DNA sequencing. The nucleotides sequence of catE has been submitted into GenBank with accession number MK561609.
Discussion
In the aerobic bacteria, the first step of phenol degradation is the conversion to catechol catalyzed by phenol hydroxylase which and then it can either be catalyzed by catechol 1,2-dioxygenase or catechol 2,3-dioxygenase [6] . The catechol 2,3-dioxygenase is a enzyme that initiates the meta-pathways in aerobic bacteria leading to pyruvate and acetaldehyde as intermediates to TCA cycle [15] . Catechol 2,3-dioxygenase catalyzes the formation of 2-hydroxymuconic semialdehyde (HMS) from cathechol ( Fig. 8) . Then HMS can enter into either hydrolytic or 4-oxolocrotonate branch [16] .
In this study, we describe the ability of local bacteria i.e. Bacillus cereus IrC2 to degrade the phenol and characterize the catechol 2,3-dioxygenase gene by PCR and sequencing methods. Bacillus cereus IrC2 is Gram-positive, rod shaped, and aerobic bacterium. The bacteria were isolated from industrial wastewater treatment plant. Bacillus cereus IrC2 can degrade phenol up to 96% for initial concentration 400 mg/L after 48 incubation. At concentration of phenol 100 -300 mg/L, the degradation percentage as high as 95% was observed after 24 hours incubation, but at concentration of 500 mg/L, these bacteria shown low activity. Phenol is the sole carbon source for these bacteria to grow. The OD600 value of cultured medium contained phenol 300 mg/L reached 0.42 after 24 hours incubation but then after 48 hours incubation it shown decreasing of OD600 value. It means that these bacteria are fastgrowing bacteria when use phenol to grow. But when the concentration of phenol already low, they cannot maintain their growth.
Studies show that catechol 2,3-dioxygenase of Bacillus cereus is responsible for phenol degradation [17] [8] [10] . In this study, we have identified catechol 2,3-dioxygenase gene (catE) from Bacillus cereus by PCR, cloning and sequencing methods. Base on nucleotides sequence, we try to make 3D structure prediction of deduced amino acids sequence from catechol 2,3-dioxygenase gene using online software I TASSER [18] . The models obtained from I TASSER with the highest C-score validation value was used as a 3D catechol 2,3-dioxygenase structure from the local strain Bacillus cereus IrC2. The confidence score or C-score is for determining the quality of predicted models issued by I-TASSER [18] . Fig. 9 shows the highest c-score model of the deduced amino acids sequence from catechol 2,3-dioxygenase of Bacillus cereus IrC2. 
CONCLUSION
Bacillus cereus IrC2 isolated from mire in industrial wastewater treatment plant in Rungkut, East Java, Indonesia has the ability to degrade phenol up to 96% from initial concentration 400 mg/L after 48 hours incubation. Catechol 2,3-dioxygenase of Bacillus cereus IrC2 is enzyme that responsible for phenol degradation through the metapathways. The nucleotides sequence of catE gene of Bacillus cereus IrC2 have been determined and submitted in GenBank with accession number MK561609.
